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METHOD IN COlO^ECnON WITH THE PRODUCnON OF A TEMPLATE AND 
THE TEMPLATE THUS PRODUCED 

TECHNICAL HELD 
5 The present inventioii relates to amethod in connection with the production of a 
traq>late, ^ch template oonqprises a flat plate of a first material and a three- 
dimensional structure of a second material, arranged on tiie plate, said second material 
introductory bdng applied on said plate^ in the meAod, to fonn said structure. The 
metiiod has primarily been developed for use in connection with the production of 
10 s^conductor components by use of nanoimprint Ufhography^ the template produced 
according to the method being used as a template in connection ^^th series production 
of such semiconductor components^ but it may also be used m connection with 
nanoimprint lithography on other rigid materials, sudi as ceramic materials^ metals or 
polymers with a relatively iugb glass tran^o n tenq>erature, fin* us in e. g. biosenscia. 

IS 

FRIORART 

The tnmd in microelectronics is towards ever smaller (fimensions. In principle^ 
devdopment has been such that the dimensions are halving every third year. 
Commercial components are bang manufactured today with structures of rou^y 200 

20 nm in nze» but there is a need to go evta fiirther down in dimensions, to < 100 nm. 
Research concerning components based on quantum dB^cts is now hig^y topical and a 
demand is being created fisr a conunercially applicable mamiftcturipg technique fbr 
components witii dimenuoiis < 10 nnL These nanoconiponents can be produced 
currently using serial technology in individual specimens^ fbr researdiptirposes» bat fbr 

2S mass production a parallel production method is required. One £»ich parallel production 
metiiod that has been developed in recent times is nanoimprint lithograplryr (NILX US 5, 
772, 90S, v^ch has ^ out the basic preconditions for the mass production of structures 
dose to atomic scale, see Stephen Y. Chau, Peter IL Krauss, WeiZhar^ Ur^e Quo 
andLeiZhumg: "SulhJOnm wqfrtniMioff^hyandqipUaxaon'\ J. Vac ScL 

30 TechnoL B, Vol 15. No 6(1997). 

The basic principle ofNIL is mechanical deformation of a thin jfilm layer, ^ch is 
coated onto a flat plate of silicon. The NIL process can be compared with the production 
process for CDs and can be described in three stages: 
3S 1. Production oftemplate: A teQq)late can be pn>ducedfix)m various materials, e.^ 
metal, semiconductor, cmunic or &om certain plastics. To create a three- 
dimensional structure on one surface of the template, various lithographic metiiods 
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can be used, dq>eiiding on the requirements for the size of (be structures and fbdr 
resohition. E-beam and X-ray lithography are normdly used for structure 
dimmsions that are less than 300 nai Direct laser exposure and UV Mogr^hy are 
used for lai^ structures. 

S 2. sprint: AtlunlayerofapoIynier,e.g.polyamideJsappUedtoaflat8ub^ 
ulicon. The layer is Heated and at a certmntenq^eraturei, the Bo-cdledi^ 
tempo^ture, the predefined template and substrate are pressed togedker, the inverse 
of the template's strticture being transferred m the polymer layer to the substrate. 
After a loweriiiig of the temperature, the template is separated fiom the substrate. 

10 3. Stnicture transfer In the areas pressed together in the potymo* layer, a thin layer of 
polymer remains. The last stage is r^noval of this thin remaining layer CHitiie 
substrate. This is carried out in a so-^ed "tJET or O2 plasma unit Thetimmer 
this renuuning layer is^ the &er tiie structures thai can be created uui^ 
nanoinprint process. 

15 

A knoivn mediod which is used in step 1, i.e. the production of the template, is so called 
plating, more specifically electroplating. In that method, a flat plate of a semiconductor 
mat^ial or glass is coated by a layer of a polymeric material, a so called resist, 
preferably a positive resist A positive resist is defined in Ibis connection in that parts of 

20 die polymeric resist material, which have been exposed to radiation, may be removed by 
a developing process, usually a developing bath. By radiadon, ag. by electron beam, 
UV relation, esq^osure to laso^ or X-ny, there is defined a pattern in nanometer nze in 
the resist, whereafter the resist is developed in the radiated parts dieroo^ aocordii^to 
the pattern, so that the plate is exposed in these parts. Afiiin layer of a metal, e.g. Cr, 

25 Au, Ag or Al, is th^eaft^ applied on the exposed parts ofthe plate and also on the 

remaining parts of the resist. The m^ is thereby applied in a layer ^diich is adequately 
even and cov^ing in order to thereafter be ableto be evenly contacted for an even 
voltage distribution, in a subsequent dectroplatiqg process. In sucb an electroplattng 
process, the metal layer constitutes an electrode onixdijcb a tUcker layer (typcally of 

30 about 300 tun) of e.g. Mi is buih up during the dectroplafiqg. The Ni layer wUch has 
been buiU up is thereafter sq)arBted firom the plate with the resist and the d^ 
layer, simply by pulling them apart firom each otho-, whereafter die Ki layer is ready to 
constitute the desired tmplate. In this method, the structures in the template may be 
brougbt to exhibit a height of usually about 110-130 nm, but possibly up to 300 nm. The 

35 problem of the method is faowev^ that it comprises many steps, having many 
parametm that have to be tuned in. Furthermore, it is often hard to adiieve an 
adequately even voltage distribution in the platit^ and moreover, it is not posdble to 
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produce small structures, which is ever more required foUowiqg liit development 
in the field. 

Another method which is used in the production of a tenq}l8te is so called etduqg* ^ 
S HiB case^ a flat plate of a semiconductor material, silicon/silicon dioxide, is coated by a 
polymeric material, a so called resist, piefoably a positive resist. A pattern In 
nanometer size is dedBned in the lesi st by radiation, whereafter the resist is devdop ed in 
the radiated parts thereof according to the patt^ bo that the plate is ej^osed in these 
parts. A metal, ag. Cr, is thereafter applied on the e9q>osed parts of the plate^ whereafto* 
10 the remaining parts ofthe resist are removed in a lift-off process. The deared three- 
dimensional structure may now be developed by etdung, by plasma etching, whereby 
the metal according to the pattern consttbites a mask. Accor£i^y , the etching is 
performed in the semiconductor material and the structure is formed in ibis 
semiconductor materid with the metal as a top layer on the separate dements of tte 
IS structureL A problem which quite often arises thereby is that the etching also acts in a 
latoal direction to a certain degree, causing that the metal material forms a ""hat^ diat 
somewhat protrudes outside evoy separate demoit of the stmcture TUs ''hat? ris^ 
g^ caug^ in the polymeric material on the substrate in connection with imprint step no. 
2 according to the above, v^ch results in an unaccqitable result of the imprint 

20 

Up to now, it has not been possible to use a template where the thre&'dimensional 
structure only consists of a metal material which is spiled according to the first steps in 
the etdiing method just described, i.e. the Btq}s up to and induding the lift-ofTprocen. 
Thisd^ends on the &ct that the metal, in^ch in that case wodd be appfied in grea^ 
25 thickness, is too loosely adhered to ^e plate. Accorcfingly , parts of the structure come 
loose firom the plate whereby the template soon becomes useless fisr its purpose. 

BRIEF DESCRIPTION OF IHE INVENTION 

The present invention aims at solvizig the above complex of problems and at presentii^ 
30 a method in connection with the producticm of a template, preferably for nanoimprint 
lithography, which method is simple, dbsap and rq)etttive and which yidds durable 
stnictures of small size and with a benefidd profile for a subsequent imi^ 



These and other purposes are attained by the method according to the invention, as it is 
35 defined in the claims. 
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The t&nplate is produced according to the invention by the second, structure forming, 
material being applied onto the first matffiial, the plate, aocc^diqg to atechnique known 
perse^ &g. by the fbnning of a patteni in a resist material followed by evapontt^ 
tibe second material onto the plate, wheraby the resist nsaterid 
5 this» a heat treatment step is conducted acoordng to the mvention at at ^ ISO^but 
below the mdting temperature for the second material, whereby the stnictufal details 
are ficed onto the plate^ for the formation of a durable template. 

Without restric^ng the invention to a certain theory^ it is probable that the desired fixing 
10 is achieved by chemical interacdon betwe^ the surfaces of the first and second 

nuterial, focing each otfier. F<»r example, vfbm fiie first material ccm^ (tf SiOi and 
tiie second material consists of Cr, it is probable that chromium oxide is formed in the 
heat treatment, pos^ly only for afow atoms in the interfiu^e layer, which efiBxts a 
binding between the two materials. 

IS 

DETAHJED DESC3UPnON OF THE INVENTION 

Jn the following, the bvention will be described in greater detail with reference to the 
drawings, of which: 

20 Ptg. 1 is showing; in ooss-section, a number of dilSiBrent tfaree-dimensbnal 

structures on a template^ whereof some are beneficial and others are non- 
beneficial. 

Fig. 2ard is showing, in at)s$-section» the process steps for tiie producdon da, 

template according to a first embodiment of the invention, 
25 Fig.3a-c is showii^ in cross-section, tiie process steps for the producticm of a 

traiplate according to a second embodiment of the invention, 
Ftg.4aK: is ahovririg; in oross-secticm and a light perspective, SEM pictures of 

three dififerent templates which have been produced according to the 

bvration. 

30 

JnTig. 1 there is shown, in cross-section, a number of different structural details which 
may be produced on a template, according to known technique. On a plate 1, Acre has 
been produced dififerent imagined structural details 3are, of a material 2. Detail no. 3a 
exhibits a non-benefidal profile, ^ch afi^ imprint in a resist that has been softened 
35 by heating and solidified by cooling, on a not shown substrate, risks to get caug|it in die 
rerist on the substrate. This is also the case for stmctural detul no . 3b, which has bem 
produced by etching according to the description above of known tedmiques, and which 
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extubits a protruding ""haf. The structural details 3c, 3d and possibly even 3e are on the 
contrary bendidal for imprint Such structural details may be produced by 
dectropiating according to the description above of known tedhniques, but not m sizes 
that are small enough and not with sufficient simplicity. Accordiiig to the invention, 
5 there may benefidally be produced stnictunddetidlsacco 

examples 3c and 3 d, on a template^ in derared small dimenmons^ in a way thai is fflnq>Ie, 
cheap, durable and rq)etitive. 

In Fig. 2a there is shown, in ax)S5^section, a plate I of a first material, e.g. a metal 
10 material, a semiconductor material or a polymoic material. The plate 1 has been coated 
on one side th^ieof^ in a previous step, by a layer 4 of a resist material, aiitably a 
positive resist. The resist material 4 is »q)osed to radiation 5 which defines a pattern for 
the dedred structure, the radiation S preferably consisting of an electron besnt It is 
however also conceivable to use radiation in the fiirm of e.g. X-rsy radiation, laser 
IS radiation or UVra^atioxL The pattern may e.g. con^ of lines or dots in t^ 

material 4. In Fig. 2b> the template is shown afterthe resist material 4 havmg been 
developed in a manner kix>wn p^ se, so that the plate 1 is exposed according to t^ 
pattmi in the radiated parts of the patter and after the second material 6 according to 
die invention having been applied, preferably by evaporation, on thus exposed parts 
20 of the plate 1 . The second material 6 consists of a metal material, preferably chosen 
firom the group that consists of Al, Ni, Cr, W, Ti, Au or alloys of the same^ e.g. Ti-Au, 
and is applied with a tUckness of about ISOA- 300 nm, fiir the formation of a three- 
dhnendonal structure. Of course, metal 6' will settle on tiie resist material 4 too, in 
connection with the evq)orationy iirihidi however is of no relevance to tiie invention. In 
25 connection with this, it is an advantage ofthe invention that the thickness of the three- 
dimensional structure is voy easy to control at the evaporation. 

Li Fig. 2c^ the rest of the resist material 4 has been removed, as has metal material 6 ' 
lying on the same. This has preferably been done by use of a lift-ofiTprooess, e.g. 
3 0 dissolving in acetone^ iMdiicb process is known p v se. Hie metal material 6 remains on 
the plate I and forms the desired tfaree^dimensiQnal structure, which however is too 
looselyadheredtotheplatel attlus moment, fortheplatelviAfathei^^ ^ 
usedasateaq>late. 

35 InFig. 2d, there is shown how the metal material 6 has changed somewhat in profile 
after a heat treatment step according to the mvention, which has been symbolically 
denoted by a ''Q". The profile has thereby, to a slight extent, become more beneficially 
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doping and moreovo*, which is most important, the metal matorial 6 has been fixed to 
the plate 1» probably by chemical interaction in the int^&ce between tiie metal material 
6and the plate 1. The heat treatment Q is acconfing to the invention perfimnedtf 
tea4)erature which is Icnver than a mating tenq)eratiire for tiiemetd material 

5 which of course is also lower than a mdting temperature fin- die material of the plate 1 . 
Suitably, the tempmture duriqg the h^ treatment is at least 200^Q prefianbly at least 
TSQf'C and even more preferred at least but SOO^'C at iht most, preferably 7S0^C 
at the most and even more prefixed 6S0^C at the most Furthermore^ the heat treatm^t 
is performed during a time period of at least 1 minute, preferably at least 2 minutes and 

10 even nK>reprefen'ed at least S niinutes, but 2 hours at die most, preferably 1.5 hours at 
the most and even more preferred 1 hour at the most The heat treatment may take place 
in an atmosphere containing oxygen, but also in an atmosphere of nitrogen gas^ and may 
be performed in an oven» on a headx« plate or in another way. 

IS InFig 3a-^ there is shown the process steps for pxDducdonofatenq>late according to a 
second embodimem of the invention. The plate 1, which may be of the same material as 
the plate in Fig. 2as], has in Fig. 3a been coated by a 1 SOA - 300 nm tiiick layer of a 
polymeric material 7, preferably a resist and even mem preferred a negative resist, e.g. a 
negative resist vrfiich is sold by Micro Resist Technology GmbH under die name SU8. 

20 An^ative resist is defined in this connection by the polymeric resist material being 
cn>88-linked at exposure to heat or nuliation, whereafter non-esq^^ 
removed by aid of adeveloping process^ usually a developix^ bath of different type 
depending on the type of resist. The resist 7 is exposed to radiation S, ^ch defines a 
pattern for the desired structure, the radiation 5 suitably consisting of an dectron beam. 

25 It is however also conceivable to use radiation m the form of &g. X^ray radiation, laso^ 
radiation or UV radiatioa Hie pattern may e.g. consist of lines or dots in the resist 
matorial 7. 

Fig. 3b is 8howii« the tenq>litfe after die resist material 7 having been devd^^ 
30 mann^ known per se» so that the non-e3q)Osed parts of the resist 7 has been removed. 
The remaining parts 8 are cured by heat treatment at a tempmture tiiat is lower dian the 
teaq>erBture for the heat treatment according to the invention, wfao'eafter the structural 
details 8 are subjected to the heat treatment according to the invention, symbolically 
denoted "X^. Also in this case, the heat treatment reaalts in a somewhat more sloping 
3 5 profile (Fig. 3 c), and in that die structural details 8 are bonded to the plate 1 . The heat 
treatment Q is performed in the same way as has been describ ed widi reference to Fig. 
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2d, but prefoBbly at a tonpOTture which is in a lower part of the defined nmge, e.g. at 
about260-300^C, 

In Fig. 4a-c there is shown, three different templates which have been produced 
5 acconUng to the first embodiment of the invention, and which accordingly have been 
heat treated for 10 minutes at 200*C, 400T and respectively. The Aree- 
dimensional structure contists of Imes of ahinmuum appfied on a plate of ^con. 
Already at a heal treatment at 200X (Tig. 4bX the metal adheres 
the profile is good enough for imprint purpose. At a heat treatment at 400^C (Fig. 4bX 
10 the profile of the structural elements has become somewhat more beoefidally sloping, 
and at 600*^0 (Fig. 4c) it is evident that the pn^e is considerably doping. 

Preferably, but definitively not necessarily, the template which is produced is used m a 
device fi)r Utbography of stmctures of nanomrter size, as is described m the 00^^^ 
15 application SE-AO-9904517-1 of the same applicant. 

The invention is not limited to the embo<fiments described above, but nuy be varied 
widun the scope of the claims. Accordingly, it is realised fiiat the method fi>r the 
production of a template also may be used in connection with the production of otiier 

20 objects tium semiconductor components, biosensors etc., eg. in coimection with fiie 
production of CD's (Con^ct Discs). It is also realised that the second, structure 
fi)rming, mat^ may be applied onto the first material in other ways, possibly not yet 
developed. In this coimection it is also conceivable that the first and the second material 
conrist of the same material. Furthermore, it is realised that the rerist lay«r which is 

25 used in connection with file appUcation of the second niaterial accordii^ to the 
invention, with reference to Fig. 2a, whm this second material consists of a metal 
material, may be formed team more than one layer, e.g. a lower layer of a positive rerist 
and an upper layer of a n^ative resist, with the purpose of achieving benefidally 
undercut profiles in the resist material, as is described in the co-pending application SEr 

30 AD-0001430-8 of the same applicant 
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CLAIMS 

1. M^od in conxLection with the production of a template, preferably fi>r nanoimprint 
iithogr^hy, which t^late comprises a flat plate (1) of a first material and a three- 

S dimensional stiucture (6, 8) of a second material, arranged on the plate, said second 
material introductc^ being applied on said plate, in the method, to form said 
structure, characterised in tbat said second material tbereafier is fixed to &e 
plate of said first material, by heat treatment (Q) at at least 1 SO^C, for the producdon 
of said tenq}late. 

10 

2. Method according to daim 1, characterised in that said first material is chosen 
from the group that consists of metal materials, s^conductor materials, ceiamic 
matmals or polymeric materials. 

IS 3. Method acccHtfing to daiml or 2, char act erised in that said sei^nd^^ 
consists of a metal material, preferably chosen fircmi the group fluit consists of Al, 
Cr, W, Ti, Au and alloys of these materials. 

4. Mrthod acconfing to claim 1 or 2, characterised in that said second material 
20 consists of a polymeric material, preferably a resist material. 

5. Method according to any one of the preceding claims^ characterised in that said 
heat treatment (Q) is performed at a tenventture which is 

temperature of sud second material, suitably a temperature of at least 200^C, 
25 preferably at least 250°C and even more preferred at least 3S0°C, but SOO^C at the 
most, preferably 7S0^C at the most and even more prefened 6S0^C at the most 

6. Method according to any one of the preceding claims, characterised in that said 
heat treatrnent (Q) is perfonned during a time period of at least 1 minute^ p^ 

30 at least 2 nunutes and evminore preferred at least 5 minutes, but 2 hours at the 
most, preferably l.S hours at the nxsst and even more pi^femd 1 hour at the most 

7. Method according to any one of the preceding claims, characterised in that said 
heat treatment (Q) is performed in an atmoq>here containing oxygen. 

35 



wo 01/90816 



PCT/SEOl/00787 



8. Method according to any one of claims 1-6, characterised in that sud heat 
treatment (Q) is perfonned in an atmosphere of nitrogen gas. 

9. Method according to claim 3, characterised in that said mtrodudory application 
S of said second material comprises flie steps that 

(a) said plate (1) is coated wiA a layer (4) of aresist material on one of its sides, 

(b) the resist matoial (4) in step (a) is exposed to a radiation (5) which defines a 
pattern for said structure, preferably by means of an election beam, 

(c) the resist material (4) in step (b) is devdoped so that the plate (1) is eaqiosed 
. 10 according to tile pattern, preferably in the radiated parts of the pattern^ 

(d) said second material is ^iplied, preferably by evaporation, on the exposed parts 
ofthe plate OX and that 

(e) the lemainiiig part ofthe resist material is removed, preferably in a fifUoff 
process, whereafter said second material remains on the plate (1) and fiirms said 

IS 6tmcture(6). 

10. Method accordmg to daim 4, characterised in that said mtroductoiy application 
of said second material conqmses the steps that 

(a) said plate (1) is coated with a lay^ (7) of said second material on one of its 
20 sides, 

(b) the second material in step (a) is exposed to a radiation (5) wfaidi defines a 
pattern for sud structure, preferably by means of an electron beam, 

(c) the second material in stqp (b) is developed so that the plate (1) is exposed 
according to the pattern, preferably in the non-radiated parts of the pattern, and that 

25 (e) the remaining part ofthe second material is cured at a temperature vAitA^ is 
lower than the t^erature for said heat treatment, whereby said second material 
forms said structure (8). 

11. Metfiod according to any oneof the preceding claims, characterised in that said 
30 second material is applied at a thickness of 150A-3 00 nm for the formation of said 

structure (6, 8). 

12. Template for nanoimprint lithography, ^ch template comprises a flat plate (1) of a 
first matoial and a three-dimensional structure (6, 8) of a second m a t e ri a l, arranged 

35 on the plate, characterised in that said plate has been produced by use of tiie 
method according to any one of claims 1-11. 
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